Brine fermentation by osmophilic lactic acid bacteria and yeasts for long periods of time is essential to produce a good quality of shoyu (Japanese fermented soy sauce). It is well known that lactic acid fermentation by osmophilic lactic acid bacteria results in the depression of alcoholic fermentation by osmophilic yeasts, but the nature of the interaction between osmophilic lactic acid bacteria and yeasts in brine fermentation of shoyu has not been revealed. The inhibitory effect of osmophilic lactic acid bacteria on the growth of osmophilic yeasts was investigated. It was recognized that osmophilic shoyu yeasts such as Saccharomyces rouxii and Torulopsis versatilis were inhibited by a metabolite produced by osmophilic lactic acid bacteria (belonging to Pediococcus halophilus) in brine fermentation of shoyu. The primary inhibitor was considered to be acetic acid, although lactic acid was slightly inhibitory.
Brine fermentation by osmophilic lactic acid bacteria and yeasts for long periods of time is essential to produce a good quality of shoyu (Japanese fermented soy sauce). It is well known that lactic acid fermentation by osmophilic lactic acid bacteria results in the depression of alcoholic fermentation by osmophilic yeasts, but the nature of the interaction between osmophilic lactic acid bacteria and yeasts in brine fermentation of shoyu has not been revealed. The inhibitory effect of osmophilic lactic acid bacteria on the growth of osmophilic yeasts was investigated. It was recognized that osmophilic shoyu yeasts such as Saccharomyces rouxii and Torulopsis versatilis were inhibited by a metabolite produced by osmophilic lactic acid bacteria (belonging to Pediococcus halophilus) in brine fermentation of shoyu. The primary inhibitor was considered to be acetic acid, although lactic acid was slightly inhibitory.
Japanese fermented soy sauce, shoyu, is a dark-brown liquid with a salty taste and sharp flavor, which is made by fermenting soybeans, wheat, and salt. It is an all-purpose seasoning agent used in the preparation of foods, as well as a table condiment in Oriental and many other countries. The fermentation of shoyu is at present a two-step batch process involving the biochemical activities of three types of microorganisms: mold, lactic acid bacteria, and yeasts. The first step is to grow koji-mold, Aspergillus sojae or Aspergillus oryzae, on a mixture of cooked soybeans and roasted cracked wheat. When the mold growth has reached the desired level, the mixture of soybeans and wheat, covered by the mold mycelia, is placed into an 18% sodium chloride solution.
The second step in the preparation of shoyu is brine fermentation by osmophilic yeasts and lactic acid bacteria. During the fermentation period for 6 to 8 months under an appropriate temperature control, the enzymes from the koji mold hydrolyze most of the proteins of the materials to amino acids and low-molecular-weight peptides. Much of the starch is converted to simple sugars, which are fermented primarily to lactic acid, alcohol, and carbon dioxide. The pH drops from an initial value of 6.5 to 7.0 down to 4.7 to 4.8.
The high salt concentration, around 18%, effectively limits the growth to a few desirable osmophilic types of microorganism. Namely, at the first stage of brine fermentation, Pediococcus halophilus is grown, and it produces lactic acid to decrease the pH. There are a number of reports indicating that strong lactic acid fermentation results in depression of alcoholic fermentation during the brewing of shoyu (15) . However, the cause of the depression of alcoholic fermentation by lactic acid formation during the brine fermentation of shoyu has never been revealed. Similar findings were reported in various foods such as sausages, hams, and dairy foods (3, 4, 6, 19) . The purpose of the present investigation was to study the nature of the interaction between the osmophilic lactic acid bacteria and yeasts in brine fermentation of shoyu. Interaction assays. Preliminary assays were conducted in digested liquid mixture of a shoyu-koji which was composed of precooked soybeans and roasted cracked wheat cultured with A. sojae KS.
Pediococcus halophilus strains 7116 and 7117 were incubated in the digested liquid mixture, containing 18% sodium chloride and 10% glucose, whose composition was almost equal to that at the beginning of lactic acid fermentation in shoyu production. After adequate incubation at 30°C for 7 days, the cells were removed by centrifugation (4,000 x g at 2°C) from the spent medium. Various shoyu yeasts as described above were incubated at 106 cells per ml in the spent medium, which was readjusted to 18% sodium chloride and 10% glucose at pH 5.0, and cultured statically at 30°C for 7 days. Various shoyu yeasts were incubated in the digested liquid mixture of shoyu-koji (the unspent medium) as controls. The growth rate was determined by measuring absorbancy at 660 nm, and the difference in absorbancy between the spent medium and the unspent medium indicated possible interaction.
Fractionation of medium and analyses of carboxylic acids. The components contained in the cultured media were fractionated into four fractions as shown in Fig. 1 , and each fraction was added to a synthetic medium which was inoculated with shoyu yeasts and incubated at 300C for 7 days. The medium used consisted ofglucose, 100 g; vitamin-free Casamino
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Ether extract extracted with saturated NaHCO3
NaHCO3 fraction adjusted to pH 2.0 with extracted with ether for Ether fraction (acidic fraction) Acids, 9 g; NaCl, 180 g; KH2PO4, 0.6 g; KCI, 0.4 g; CaCl2-2H20, 0.15 g; MgSO4-7H20, 0.15 g; MnSO4, 2.5 mg; FeCl2, 2.5 mg; thiamine hydrochloride, 0.25 mg; riboflavin, 0.1 mg; pyridoxine hydrochloride, 1 mg; niacin, 5 mg; p-aminobenzoic acid, 0.5 mg; biotin, 10 mg; inositol, 25 mg; calcium pantothenate, 0.5 mg; and tap water, 1 liter (pH 5.0). The effect of the four fractions on the growth of shoyu yeasts was measured in terms of absorbancy difference at 660 nm of cultured media.
The organic acids in the various media were analyzed by a carboxylic acid analyzer (Seishin Pharmaceutical Co., Ltd., Japan).
Cultural bThe growth rate was determined by measuring absorbance of broth diluted 10-fold at 660 nm.
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The component contained in the acid fraction was recognized to be similar to carboxylic acids (16) . Therefore, the carboxylic acids contained in the unspent medium and the spent medium of Pediococcus halophilus strains 7116 and 7117 were analyzed (Table 4 ). The carboxylic acid contained in the unspent medium was recognized to be similar to citric acid. On the other hand, the carboxylic acids contained in the spent medium resembled lactic and acetic acids.
Next, we examined the effect on the growth of shoyu yeasts of the carboxylic acids that are contained in common shoyu (8) and are recognized to be metabolites of Pediococcus halophilus (7, 24) . The growth rate of Hansenula anomala IAM 4253, Pichia farinosa IAM 4303, Saccharomyces rouxii IAM 4028, and Torulopsis versatilis IFO 0652, cultured in synthetic media each containing 0 to 0.5% lactic, acetic, citric, malic, succinic, or formic acid, is shown in Table 5 . The growth of the tested yeasts was remarkably inhibited by formic acid or acetic acid. Formic acid was not found in the spent medium of Pediococcus halophilus, as shown in Table 4 , and the growth rate of the tested yeasts in synthetic medium containing 0.25% acetic acid corresponded fairly well to that in the spent medium that contained about 0.2% acetic acid. Lactic and acetic acid contents in common shoyu were recognized to be about 1% and 0.2%, respectively. From these facts as described above, acetic acid which was produced by Pediococcus halophilus from citric acid (abundant in soybeans) (7, 24) was considered as the cause of the microbial antagonism in shoyu fermentation.
The inhibitory effect of acetic acid on the growth of the tested yeasts increased in the order: Hansenula anomala, Pichia farinosa, Saccharomyces rouxii, and Torulopsis versatilis, as in the previous test of the inhibitory effect of the spent medium of Pediococcus halophilus on the growth of shoyu yeasts. This order was recognized to correspond as well to the flora shift of shoyu yeasts in shoyu fermentation. DISCUSSION In general, several kinds of microorganisms are involved in the fermentation or the putrefaction of various foods. When different kinds of microorganisms exist in foods, a phenomenon such as competition or antagonism is observed among these microorganisms.
Most investigation on microbial interactions focuses on the lactic acid bacteria. Some lactic streptococci produce the well-characterized antibiotics nisin and diplococcin (2, 13, 17) . Antibiotics produced by lactobacilli also have been reported, including acidophilin and lactocidin from Lactobacillus acidophilus (26; J. R. Vakil and K. M. Shahani, Bacteriol. Proc., p. 9, 1965), lactolin from Lactobacillusplantarum (10, 11) , and lactobacillin, which was later identified as hydrogen peroxide, from Lactobacillus lactis (27) .
Other workers, however, have claimed that lactic acid (9, 25) , hydrogen peroxide (3), or unidentified heat-labile substances (20) In the case of traditional fermentation method of Japanese rice wine, sake, it was reported that sake yeasts (belonging to Saccharomyces cerevisiae) are inhibited by lactic acid produced by lactic acid bacteria (Lactobacillus sake, Leuconostoc mesenteroides) (23) .
In the brine fermentation of shoyu, microbial antagonism has been observed between osmophilic lactic acid bacteria and yeasts; however, this is the first report to examine this microbial antagonism. As a result of this investigation, the inhibitory effect of osmophilic lactic acid bacteria on the growth of osmophilic shoyu yeasts is considered to be due to metabolites produced by the osmophilic lactic acid bacterium Pediococcus halophilus. The primary inhibitor contained in the metabolite is acetic acid, although lactic acid is also slightly inhibitory.
Hentges (5) has noted that lower pH causes greater inhibition of Shigella by formic and acetic acids. The toxicity of undissociated acetic acid has been recognized for yeasts (12) . Therefore, the influence of pH on the inhibitory activity of acetic and lactic acids for shoyu yeasts is now under investigation.
